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ABSTRACT 



Light in the visible spectrum is modulated using an array of 
modulation elements, and control circuitry connected to the 
array for controlling each of the modulation elements inde- 
pendently, each of the modulation elements having a surface 
which is caused to exhibit a predetermined impedance 
characteristic to particular frequencies of light. The ampli- 
tude of light delivered by each of the modulation elements 
is controlled independently by pulse code modulation. Each 
modulation element has a delbrmable portion held under 
tensile stress, and the control circuitry controls the defor- 
mation of the deformable portion. Each deformable element 
has a deformation mechanism and an optical portion, the 
deformation mechanism and the optical portion indepen- 
dently imparting to the element respectively a controlled 
deformation characteristic and a controlled modulation char- 
acteristic. The deformable modulation element may be a 
non-metal. The elements are made by forming a sandwich of 
two layers and a sacrificial layer between them, the sacrifi- 
cial layer having a thickness related to the final cavity 
dimension, and using chemical (e.g., water) or a plasma 
based etch process to remove the sacrificial layer. 

20 Claims, 36 Drawing Sheets 



U.S. Pat. No. 5,986,796), which is a continuation of Inter- 
national Application PCT/US95/05358, filed May 1, 1995. 
The disclosure of U.S. patent application Ser. No. 08/744, 
253 (now U.S. Pat. No. 5,986,796) is considered part of, and 
is incorporated by reference herein. The disclosure of Inter- 
national Application PCT/US95/05358 is considered part of, 
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VISIBLE SPECTRUM MODULATOR ARRAYS the impedance to light of each element. The analog control 
may be control of the degree of deformity of the deformable 
wall of the cavity. 
The predetermined impedance characteristic may include 
5 reflection of incident electromagnetic radiation in the visible 
This application is a divisional application of U.S. Ser. spectrum, e.g., the proportion of incident electromagnetic 
No. 09/378,143, filed on Aug. 20, 1999 (now abandoned). radiation of a given frequency band that is, on average, 
The disclosure of the prior application is considered part of, reflected by each of the modulation elements. The modula- 
and is incorporated by reference in, the disclosure of this tion element may be responsive to a particular electrical 
application. This application is also a continuation of co- to condition to occupy either a state of higher reflectivity or a 
pending U.S. patent application Ser. No. 09/413,222, filed state of lower reflectivity, and the control circuitry may 
Oct. 5, 1999, which is a continuation-in-part of U.S. patent generate a stream of pulses having a duty cycle correspond- 
plication Ser. No. 08/744,253, filed Nov. 5, 1996 (now ing to the proportion of incident radiation that is reflected 
and places the modulation element in the higher state of 
5 reflectivity during each the pulse and in the lower state of 
reflectivity in the intervals between the pulses. The charac- 
teristic may include emission of electromagnetic radiation in 
the visible spectrum. The characteristic may include the 
amount of electromagnetic radiation in the visible spectrum 
and is incorporated by reference herein. 20 that is emitted, on average, by the antennas. The character- 

istic may be incident electromagnetic radiation in the visible 
BACKGROUND spectrum. The modulation elements may include three sub- 

elements each associated with one of three colors of the 
This invention relates to visible spectrum (including ultra- visible spectrum. The modulation element may be respon- 
violet and infrared) modulator arrays. 25 sive to a particular electrical condition to occupy either a 

Visible spectrum modulator arrays, such as backlit LCD state of higher transmissivity or a state of lower transmis- 
computer screens, have arrays of electro-optical elements sivity, and the control circuitry may generate a stream of 
corresponding to pixels. Each element may be electronically pulses having a duty cycle corresponding to the proportion 
controlled to alter light which is aimed to pass through the of incident radiation that is transmitted and places the 
element. By controlling all of the elements of the array, 30 modulation element in the higher state of transmissivity 
black and white or, using appropriate elements, color images during each the pulse and in the lower slate of transmissivity 
may be displayed. Non-backlit LCD arrays have similar in the intervals between the pulses. The characteristic may 
properties but work on reflected light. These and other types include the proportion of incident electromagnetic radiation 
of visible spectrum modulator arrays have a wide variety of of a given frequency band that is, on average, transmitted by 
other uses. 35 each of the modulation elements. 

The visible spectrum may include ultraviolet frequencies, 
SUMMARY OF THE INVENTION or infrared frequencies. 

In general, in another aspect of the invention, the control 
In general, in one aspect, the invention features modula- circuitry may be connected to the array for controlling the 
tion of light in the visible spectrum using an array of 40 amplitude of light delivered by each of the modulation 
modulation elements, and control circuitry connected to the elements independently by pulse code modulation, 
array for controlling each of the modulation elements inde- In general, in another aspect, the invention features a 
pendently, each of the modulation elements having a surface modulation element having a deformable portion held under 
which is caused to exhibit a predetermined impedance tensile stress, and control circuitry connected to control the 
characteristic to particular frequencies of light. 45 deformation of the deformable portion. 

Implementations of the invention may include the follow- Implementations of the invention may include the follow- 
ing features. The surface may include antennas configured to ing features. The modulation element may be self-support- 
interact with selected frequencies of light, or the surface may ing or held on separate supports. The deformable portion 
be a surface of an interference cavity. The impedance may be a rectangular membrane supported along two oppo- 
characteristic may be reflection of particular frequencies of 50 site edges by supports which are orthogonal to the mem- 
light, or transmission of particular frequencies of light. Each brane. The deformable portion, under one mode of control 
of the modulation elements may be an interference cavity by the control circuitry, may be collapsed onto a wall of the 
that is deformable to alter the cavity dimension. The inter- cavity. The control circuitry controls the deformable portion 
ference cavity may include a pair of cavity walls (e.g., by signals applied to the modulation element, and the 
mirrors) separated by a cavity dimension. One of the mirrors 55 deformation of the control portion may be subject to hys- 
may be a broadband mirror and the other of the mirrors may teresis with respect to signals applied by the control cir- 
be a narrow band mirror. Or both of the mirrors may be cuitry. 

narrow band mirrors, or both of the mirrors may be broad In general, in another aspect, the invention features modu- 
band, non-metallic mirrors. The cavity may have a cavity lating light in the visible spectrum using a deformable 
dimension that renders the cavity resonant with respect to 60 modulation element having a deformation mechanism and 
light of me frequency defined by the spectral characteristics an optical portion, the deformation mechanism and the 
of the mirrors and intrinsic cavity spacing in an undeformed optical portion independently imparting to the element 
state. One of the mirrors may be a hybrid filter. One (or both) respectively a controlled deformation characteristic and a 
of the walls may be a dielectric material, a metallic material, controlled modulation characteristic, 
or a composite dielectric/metallic material. The cavity may 65 Implementations of the invention may include the follow- 
be deformable by virtue of a wall that is under tensile stress. ing features. The deformation mechanism may be a flexible 
The control circuitry may be connected for analog control of membrane held in tensile stress, and the optical portion may 



